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x = 0,
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ÃŁÉ
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u(0, z) = u0(z), ∂tu(0, z) = u1(z), z ∈ [0,H].
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µ(v) = µd + (µs − µd)e
− v
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µs > µd
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β(v) =


{v − Sµ(−v)}
ÃŁÉ
v < 0,
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v = 0,
{v + Sµ(v)}
ÃŁÉ
v > 0.
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a(v
0) = [va, vb]
Í(Ì¦½fÍÁOÁjÕ¿Ú¾
v0 ∈ ]va, vb[
Ø !¿Ç¼Ú B¾cÚ?Ú+Í
éSÂ*¾ Æ¤Í~Ï_¾%$
α+(0) ≤ max β(v), ∀ v ∈ [va, v
0[,
α+(0) ≥ minβ(v), ∀ v ∈ ]v0, vb[.
Þ]Ä:Ú¾0Í(Ì¦Á)ÄjÆ¤Í(Ä
(α+(0), v0)
ÃpÁ6Í(ÌßÕ¿Ì¦ÁjÄOÍ(×¿Àp¾-Î ¼ÃÅÌ'Ä6¼(É
β
Ø ¥¾cÄ
[v∗i , v
∗
i+1], [α
∗
i , α
∗
i+1]
× ¾ÄjÆ¦¾-Ë~¼ÇjÇ¾~ÁjÎ ¼Ì¦½<ÃÅÌ¿Ô+½¿¾~ËcÇ¾0ÍÁjÃÅÌ¿Ôfi×¿ÇOÍ(Ì¦ËÆ¼(É
β
Í(Ì¦½ßÁO¾cÄG$
[v′a, v
′
b] = [v
∗
i , v
∗
i+1] ∩
Þ
l(v
0).
ÙhÆ¦¾cÌ
v0 ∈ ]v′a, v
′
b[
Ñ¤Í(Ì¦½7Â*¾ Æ¤Í~Ï_¾%$
α+(0) < β(v′a), α
+(0) > β(v′b).
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δ > 0
Í(Ì¦½
ζ > 0
ÁjÕ¦ËÆÄjÆ¤Í(ÄG$
α+(t) < β(v),
É¼Ç
v ∈ [v′a − δ, v
′
a + δ],
Í(Ì¦½
t ∈ [0, ζ],
α+(t) > β(v),
É¼Ç
v ∈ [v′b − δ, v
′
b + δ],
Í(Ì¦½
t ∈ [0, ζ].
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v′a
Í(Ì¦½
v′b
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ε0 > 0
ÁjÕ¦ËÆ ÄjÆ¤Í(ÄÉ¼ÇfiÍ(ÀÅÀ
ε ∈ ]0, ε0]
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∃ taε , t
b
ε ∈ ]0, t0], |vε(t
a
ε)− v
′
a| <
δ
2
, |vε(t
b
ε)− v
′
b| <
δ
2
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ε ∈ ]0, ε0]
Ñ'ó6ÁÁjÕ¿Ú¾
taε > t
b
ε
Ø ff¾:Æ¤Í~Ï_¾
α(t)−β(v) > 0
ÉN¼Ç
t ∈ ]0, ζ]
Í(Ì¦½ÉN¼Ç
v ∈ [v′b − δ, v
′
b + δ]
ÄjÆ'Õ¦ÁÍ(ÀpÁ¼ d
dt
vε > 0
Í<Ø ¾ZØ+¼Ì
[0, ζ]
Í(Ì¦½ÂÆ¦¾cÌ¦¾cÏ_¾cÇ
vε ∈ [v
′
b − δ, v
′
b + δ]
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|vε(t
a
ε)− v
′
a| <
δ
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ε)− v
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[v1, v2], [α1, α2]
l 8
β
sk/
ζ > 0
(;<¿u+5 *5as%*
v0 ∈ [v1, v2], α
+(t) ∈ [α1, α2], ∀ t ∈ [t0, t0 + ζ[.
ÞÉ
(α+(0), v0)
ÃpÁ-ÍQÁjÄOÍ(×¿Àp¾Î ¼ÃÅÌ'Ä-¼(É
β
ÄjÆ¦¾cÌ
v0
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ÀÅÃÅÚ?ÃÅÄOÍ(ÄjÃp¼Ì ¼(ÉªÄjÆ¦¾2ÁO¾~Ë~¼Ì¦½ Ë~¼Ì¦½<ÃÅÄjÃp¼Ì ¼Îz¾cÇOÍ(Ä¾~ÁÂÆ¦¾cÌ
(α+(0), v0)
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[v1, v2], [α1, α2]
l 8
β
sk/
ζ > 0
(;<¿u+5 *5as%*
v0 ∈ [v1, v2], α
−(t) ∈ [α1, α2], ∀ t ∈ ]t0 − ζ, t0].
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(εn)n≥0
skff/sn n 	¿l (;,-*-,ffii"(0iIH <¦iokeuOi
(tn)n≥0
(;<¿u+5 *5as%*
lim
n−→+∞
εn = 0, lim
n−→+∞
tn = 0, lim
n−→+∞
vεn(tn) = v0,
8~lgQsn n
δ > 0
T"*5<iogii F%,H( *(
ζ2 > 0
(;<¿u+5 *5as * 8~lgQsn n
ζ1 ∈ ]0, ζ2[
*5<iogißi F),@(+*(
N˜ > 0
34,-*5 
vεn(t) ∈ [v0 − δ, v0 + δ], ∀ t ∈ [ζ1, ζ2],∀ n ≥ N˜ ,
(vεn(t)− v0) 
1k
(v0 − v
0) < δ, ∀ t ∈ [0, ζ2],∀ n ≥ N˜ .
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v0 > v
0 ÊÃŁÉ v0 = v
0 ÄjÆ¦¾*Ç¾~ÁjÕ¿ÀÅÄ"ÃpÁÍ(Ì?¼×'ÏaÃp¼Õ¦ÁÍ(Î¿Î¿ÀÅÃpË0Í(ÄjÃp¼Ì
¼(É rÇ¼Îz¼ZÁÃÅÄjÃp¼Ì êÍ(Ì¦½ ÃŁÉ
v0 < v
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[v∗i , v
∗
i+1], [α
∗
i , α
∗
i+1]
¼(É
β
Í(Ì¦½
ζ > 0
ÁjÕ¦ËÆßÄjÆ¤Í(ÄG$
v0 ∈ [v1, v2], α
+(t) ∈ [α1, α2], ∀ t ∈ [0, ζ].
ÞÉ
v0 = v
∗
i
Í(Ì¦½
α+(0) = α1
ÄjÆ¦¾cÌ
(α+(0), v0)
ÃpÁ)ÍËcÇjÃÅÄjÃpË0Í(À°Ú?ÃÅÌ¿ÃÅÚxÕ¿Ú Í(ÄjÄjÇOÍËcÄjÃÅÏ_¾
Î ¼ÃÅÌ'Ä0ØrÛh¾~Ë0Í(Õ¦Á¾
[v∗i−1, v
∗
i ], [α
∗
i−1, α
∗
i ]
ÃpÁ*Í-ÁjÄjÇjÃpËcÄjÀÅÈ½¿¾~ËcÇ¾0ÍÁjÃÅÌ¿ÔS×¿ÇOÍ(Ì¦ËÆ7¼(É
β
ÑÄjÆ¦¾cÇ¾
¾oÜ<ÃpÁjÄÁ
v ∈ ]v0, v0[
ÁjÕ¦ËOÆffÄjÆ¤Í(Ä
β(v) > α+(0)
ÑIÍQË~¼Ì'ÄjÇOÍ½<ÃpËcÄjÃp¼ÌÉÊÇ¼Ú ¥¾cÚ?Ú+Íé<Ø
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ÙhÆÕ¦Á
(α+(0), v0)
ÃpÁÌ¦¼Ä+ÍËcÇjÃÅÄjÃpË0Í(ÀÚ?ÃÅÌ¿ÃÅÚªÕ¿Ú Îz¼ÃÅÌÄ+Í(Ì¦½KÄjÆ¦¾cÇ¾7¾oÜaÃpÁÄÁ
δ0 > 0
ÁÕ¦ËÆßÄjÆ¤Í(ÄG$
α+(0) > β(v), ∀ v ∈ [v0 − δ, v0[.
 
ÃÅÏ_¾cÌfÍ(Ì'È
δ > 0
Ñ¦Àp¾cÄ:Õ¦Á:Á¾cÄG$
v˜1 = v0 −min(δ0, δ), α˜1 ∈ β(v˜1),
v˜2 = v0 + min(v2 − v0, δ), α˜2 = maxβ(v˜2).
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α+(0)
ÑIÄjÆ¦¾cÇ¾¾oÜaÃpÁÄÁ
ζ2 > 0
ÁjÕ¦ËOÆ
ÄjÆ¤Í(ÄG$
α+(t) ∈ [α˜1, α˜2], ∀ t ∈ [0, ζ2].
»2¼Ç¾~¼0Ï_¾cÇ0Ñ ÃŁÉÂ*¾ªË~¼Ì¦ÁÃp½¿¾cÇ
(εn)n≥0
ÁjÄjÇjÃpËcÄjÀÅÈÎz¼ZÁjÃÅÄjÃÅÏ_¾Í(Ì¦½
(tn)n≥0
Îz¼ZÁjÃÅÄjÃÅÏ_¾ªÏ_¾cÇjÃŁÒ
ÉNÈaÃÅÌ¿Ô $
lim
n−→+∞
εn = 0, lim
n−→+∞
tn = 0, lim
n−→+∞
vεn(tn) = v,
ÄjÆ¦¾cÌßÉN¼Ç)Í(ÀÅÀ
ζ1 ∈ ]0, ζ2]
Ñ¿ÄjÆ¦¾cÇ¾x¾oÜaÃpÁjÄÁ
N˜ > 0
ÁjÕ¦ËOÆßÄjÆ¤Í(ÄG$
tn < ζ2, ∀n ≥ N˜ , vε(tn) ≥ v˜1.
B¾cÄ
t˜n ∈ ]0, tn]
× ¾4ÄjÆ¦¾ÁjÚ+Í(ÀÅÀp¾~ÁÄ*ÄjÃÅÚ¾
t
ÁÕ¦ËÆ7ÄjÆ¤Í(Ä
vε(t) = v0− δ
Ñ<Â*¾6Ë0Í(ÌßÍ(Î¿Î¿ÀÅÈ
Ç¼Îz¼ZÁjÃÅÄjÃp¼Ìñê-¼Ì7ÃÅÌ'Ä¾cÇjÏZÍ(ÀpÁ
[v˜1, v˜2]
Í(Ì¦½
[α˜1, α˜2]
ÃÅÌ¼Ç½¿¾cÇ:Ä¼?Ë~¼Ì¦ËcÀÅÕ¦½¿¾%$
vε(t) ∈ [v˜1, v˜2], ∀t ∈ [ζ1, ζ2],
vε(t) ≤ v˜2, ∀t ∈ [0, ζ2].
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*5¿iogji?iF),H( *(
ε0 > 0
34,*5 
vε(t) ∈ [v0 − δ, v0 + δ], ∀ t ∈ [ζ1, ζ2],∀ ε ∈ ]0, ε0],
(vε(t)− v0) 
1Zk
(v0 − v
0) < δ, ∀ t ∈ [0, ζ2],∀ ε ∈ ]0, ε0].
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α+(0) ≥ max(β(ia1), β(il1))
skff/
α+(0) ≤ min(β(ia2), β(il2))
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v0 ∈ [v
0, ia2[
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δ =
ia2 − v0
2
Â¾¼×¿ÄOÍ(ÃÅÌÄjÆ¤Í(Ä
ia2
ÃpÁÌ¦¼ÄÍ-ËcÀÅÕ¦ÁÄ¾cÇÎ ¼ÃÅÌ'Ä0Ñ¿Í
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α+(0) > β(ia2)
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δ > 0
Í(Ì¦½
ζ > 0
ÁjÕ¦ËOÆßÄjÆ¤Í(ÄG$
α+(t) > β(v), ∀ v ∈ [ia2 − δ, ia2 + δ], ∀ t ∈ [0, ζ].
¥¾cÄ:Õ¦Á:ÁO¾cÄG$
η = min
v ∈ [ia2 − δ, ia2 + δ]
t ∈ [0, ζ]
(α+(t)− β(v)).
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lim
n−→+∞
εn = 0, lim
n−→+∞
tn = 0, lim
n−→+∞
vεn(tn) = ia2.
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θ ∈ ]0, ζ]
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N˜ ≥ 0
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n ≥ N˜
Â¾ Æ¤Í0Ï_¾%$
vεn(tn) ∈ [ia2 − δ, ia2 + δ], tn ∈ [0,
θ
2
], εn ∈ ]0,
ηθ
δ
].
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ε
d
dt
vεn(t) ∈ α(t)−β(vεn(t) ≥ η,
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[0, ζ]
Í(Ì¦½ßÂÆ¦¾cÌ¦¾cÏ_¾cÇ
vεn(t) ∈ [ia2−δ, ia2+δ],
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n ≥ N˜
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vεn(θ) ≥ min(ia2 − δ +
η
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(θ − tn), ia2 + δ).
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vεn(θ) ≥ ia2 + δ.
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[v1, v2], [α1, α2]
¼(É
β
Í(Ì¦½
ζ > 0
ÁÕ¦ËÆßÄjÆ¤Í(ÄG$
v0 ∈ [v1, v2], α
+(t) ∈ [α1, α2], ∀ t ∈ [0, ζ].
ÙhÆ¤Í(ÄSÃpÁSÂÆ'ÈffÂ*¾fià¦ÇÁjÄªË~¼Ì¦ÁjÃp½¿¾cÇÄjÆ¦¾Ë0ÍÁ¾fiÂÃÅÄjÆ
β
ÁjÄjÇjÃpËcÄjÀÅÈffÃÅÌ¦ËcÇ¾0ÍÁjÃÅÌ¿Ô¦Ø=ff¾Ë0Í(Ì
É¼ÇjÚxÕ¿ÀÓÍ(Ä¾xÄjÆ¦¾6ÉN¼ÀÅÀp¼ÂÃÅÌ¿Ô+Ç¾~ÁjÕ¿ÀÅÄÁ#$
fffifl
ffi
 ! ,-*5
ε > 0
T
α ∈ BV (0, T )
sk/
β
( *Ng;,u:*Nn 76, kzucgjis (;,Êk2163>52,Nu+5
(~s%*-,@(*i;( #"7 	¿l%*5<i;(+,H(ªdT 3i"5as i*5<i48~lnÊnŁl%34, k21	egjl
	¿iog *-,i;( 
d I6M@8
v1
sZkff/
v2
sgi (~ln < *-,lk (-l 8 	egjl'monpi+C  d_W34,-*5+gi;( 	¦iju:*-,(i,Êk ,*-,snsn <¿i;(
v01
sk/
v02
T *5<iok *5<i/), 4iogiokeuOi
|v1(t)−v2(t)|
,H( /'ijucgijs (+, k21lk *5¿i ,ÊkB*iog sn
[0, T ]
T
% I6GBi *
αi
mifs (0iIH <¦iokeuOi2l 8 8+<keuG*-,Nlk ( ,Êk
BV (0, T )
3>5?,u+5 <ak , 8clg+Cn.7ffulZk¦L
(iog01'i;(E*lfs"8+<keuG*-,Nlk
α ∈ BV (0, T )
T*5<iok *5<i(0iIH <¦iokeuOi
vεi
l 8 *5<i (cln <aL
*-,NlZk (l 8 	zgtl'mcnÅi+C  tdZW8~lg *5<ifigji+( 	¿ijuG*-,ffi(i=/_s *s
αi
T"<k , 8~lg;Cn 72ulZk(iog01'i;(
*l
vε
T*5<i (cln < *-,lkl 8 *5<i	egjl'monpi+C  tdZW"8clZg *5<iE/'s%*s
α
IßH2lgijl (iog *5?,@(
ulkiog-1iokeuOi ,H( <ak , 8~lg+CD,Êk
ε
I
fffi 	 rÇ¼Îz¾cÇjÄ]Èê%$r×z¼ÄjÆ
v1
Í(Ì¦½
v2
Í(Ç¾-Á¼ÀÅÕ¿ÄjÃp¼Ì¦Á4¼(ÉIÎ¿Ç¼×¿Àp¾cÚ tê0ç oÑ¿ÄjÆ'Õ¦ÁG$
ε
d
dt
v1(t)− ε
d
dt
v2(t) ∈ β(v2)− β(v1),
Í<Ø ¾ZØ¼Ì
[0, T ],
Í(ÀpÁO¼ $
ε(
d
dt
v1(t)−
d
dt
v2(t))(v1 − v2) ∈ (β(v2)− β(v1))(v1 − v2),
Í<Ø ¾ZØ¼Ì
[0, T ],
Í(Ì¦½ß×z¾~Ë0Í(Õ¦Á¾
β
ÃpÁhÃÅÌ¦ËcÇ¾0ÍÁjÃÅÌ¿Ô $
ε
d
dt
(v1 − v2)
2 ≤ 0,
Í<Ø ¾ZØ¼Ì
[0, T ].
Ç¼Îz¾cÇjÄ]Èñé $xÄjÆ¦¾+Ú+Í(Î
β
Æ¤ÍÁªÍ(ÌÃÅÌ¦ËcÇ¾0ÍÁÃÅÌ¿ÔfÕ¿Ì¿ÃŁÒÏZÍ(ÀÅÕ¦¾~½ñË~¼ÌÄjÃÅÌ'Õ¦¼Õ¦ÁSÇ¾~ËcÃÅÎ¿Ç¼aË0Í(À
ÉNÕ¿Ì¦ËcÄjÃp¼ÌßÄjÆ¤Í(Ä:Â*¾-½¿¾cÌ¦¼Ä¾ ×È
β−1
Ø ¥¾cÄ:Õ¦Á:Á¾cÄG$
M = sup
ε>0,i≥0
‖vεi‖L∞(0,T ), A = sup
i≥0
‖αi‖L∞(0,T ).
ê0æ
ff¾Æ¤Í0Ï_¾
A < +∞
ÉÊÇ¼Ú ÄjÆ¦¾Õ¿Ì¿ÃŁÉ¼ÇjÚ Ë~¼Ì'Ï_¾cÇjÔ_¾cÌ¦Ë~¾fi¼(É*ÄjÆ¦¾
αi
ÑBÍ(Ì¦½
M < +∞
× ¾~Ë0Í(Õ¦Á¾
M
Ë0Í(ÌQ×z¾6¾oÜaÎ¿Ç¾~ÁOÁ¾~½fi½<ÃÅÇ¾~ËcÄjÀÅÈQÍÁÍ ÉNÕ¿Ì¦ËcÄjÃp¼Ì7¼(É
A
NÁ¾~¾4Î¿Ç¼a¼(É°¼(É rÇ¼Î ¼(Ò
ÁÃÅÄjÃp¼Ìé oØrÙhÆ¦¾)ÉÊÕ¿Ì¦ËcÄjÃp¼Ì
β−1
ÃpÁ*Ë~¼Ì'ÄjÃÅÌÕ¦¼Õ¦Á¼Ì
[−M,+M ]
ÑÄjÆ'Õ¦Á*ÃÅÄÃpÁÕ¿Ì¿ÃŁÉ¼ÇjÚ?ÀÅÈ
Ë~¼ÌÄjÃÅÌ'Õ¦¼Õ¦ÁÍ(Ì¦½7Â¾xË0Í(ÌßÂÇjÃÅÄ¾%$
∀ γ > 0, ∃ ηγ > 0 ; ∀a1, a2 ∈ [−A,+A], |a1−a2| < ηγ ⇒ |β
−1(a1)−β
−1(a2)| < γ.
 6ÁjÃÅÌ¿Ô?ÄjÆ¦¾ ÃÅÌ¦ËcÇ¾0ÍÁÃÅÌ¿ÔÎ¿Ç¼Îz¾cÇjÄ]È7¼(É
β−1
Â*¾-Ë0Í(ÌßÇ¾cÂÇjÃÅÄ¾ ÄjÆ¿ÃpÁ4ÍÁhÉN¼ÀÅÀp¼Â:ÁG$
∀ γ > 0, ∃ ηγ > 0 ; ∀a1, a2 ∈ [−A,+A], a2−a1 ≤ ηγ ⇒ β
−1(a2)−β
−1(a1) ≤ γ.

¾cÄjÄjÃÅÌ¿Ô
w1 = β
−1(a1)
Í(Ì¦½
w2 = β
−1(a2)
Ñ<Â*¾-¼×¿ÄOÍ(ÃÅÌ $
∀ γ > 0, ∃ ηγ > 0 ; ∀w1, w2 ∈ [−M,+M ], min(β(w2)−β(w1)) ≤ ηγ ⇒ w2−w1 ≤ γ,
Í(Ì¦½fÍ(ÀpÁ¼ $
∀ γ > 0, ∃ ηγ > 0 ; ∀w1, w2 ∈ [−M,+M ], w2−w1 > γ ⇒ β(w2)−β(w1) > ηγ .
têð%
!¤¼Ç4Í(Ì'È
η > 0
Àp¾cÄÕ¦Á:Á¾cÄG$
δ(η) = inf{γ > 0 :
ÍÁÁ¾cÇjÄjÃp¼Ì têð%*ÃpÁ:ÁOÍ(ÄjÃpÁtà¤¾~½QÂÃÅÄjÆ
ηγ = η}.
Þ]ÄSÃpÁSËcÀp¾0Í(ÇSÄjÆ¤Í(ÄÄjÆ¦¾ÏÍ(ÀÅÕ¦¾¼(É
δ(η)
Ä¾cÌ¦½¿ÁSÄ¼Affi0¾cÇ¼fÂÆ¦¾cÌ
η
Ä¾cÌ¦½¿ÁSÄ¼=ffi0¾cÇ¼¿ØAff¾
Î¿Ç¼Ï_¾ ÄjÆ¦¾É¼ÀÅÀp¼0ÂÃÅÌ¿ÔfiÎ¿Ç¼Îz¾cÇjÄ]ÈÄ¼+¾cÌ¦½QÄjÆ¦¾-½¿¾cÚ¼Ì¦ÁjÄjÇOÍ(ÄjÃp¼Ì $
‖vεi − vε‖L∞(0,T ) ≤ δ(‖αi − α‖L∞(0,T )).
ó6ÁÁjÕ¿Ú¾ÄjÆ¤Í(Ä)ÄjÆ¦¾cÇ¾-¾oÜaÃpÁÄÁ
t1 ∈ [0, T ]
ÁjÕ¦ËOÆßÄjÆ¤Í(ÄG$
vεi(t1) > vε(t1) + δ(‖αi − α‖L∞(0,T )).
ÙhÆ¤Í(Ì¿Ö<ÁÄ¼?ÄjÆ¦¾ Ë~¼ÌÄjÃÅÌ'Õ¿ÃÅÄ]È¼(É
vεi
Í(Ì¦½
vε
Ñ<ÄjÆ¦¾cÇ¾-¾oÜaÃpÁÄÁ
t0 ∈ ]0, t1[
ÁjÕ¦ËOÆßÄjÆ¤Í(ÄG$
vεi(t0) = vε(t0) + δ(‖αi − α‖L∞(0,T )),
Í(Ì¦½
vεi(t) > vε(t) + δ(‖αi − α‖L∞(0,T )),
É¼Ç
t ∈ ]t0, t1].
í6¾cÌ¦Ë~¾ Â*¾xÍ(ÀpÁ¼Æ¤Í~Ï_¾%$
ε
d
dt
vεi − ε
d
dt
vε ∈ αi(t)− α(t)− β(vεi) + β(vε),
Í<Ø ¾ZØ¼Ì
]t0, t1],
ÄjÆÕ¦ÁG$
ε
d
dt
vεi − ε
d
dt
vε < 0
Í<Ø ¾ZØr¼Ì
]t0, t1],
ÍË~¼ÌÄjÇOÍ½<ÃpËcÄjÃp¼Ì¥Ø

ÃÅÚ?ÃÅÀÓÍ(ÇjÀÅÈ7ÃÅÄÃpÁ:Îz¼ZÁÁÃÅ×¿Àp¾Ä¼?¾~ÁjÄOÍ(×¿ÀÅÃpÁjÆßÄjÆ¤Í(ÄG$
vεi(t) ≥ vε(t)− δ(‖αi − α‖L∞(0,T )), ∀ t ∈ [0, T ],
Í(Ì¦½ßÄjÆ¦¾Î¿Ç¼¼(É"ÃpÁ:Ë~¼Ú?Î¿Àp¾cÄ¾~½3Ø
ÞÄÃpÁÌ¦¼Â Î ¼ZÁÁjÃÅ×¿Àp¾Ä¼É¼ÇjÚxÕ¿ÀÓÍ(Ä¾xÄjÆ¦¾6ÉN¼ÀÅÀp¼ÂÃÅÌ¿ÔfiË~¼Ì'Ï_¾cÇjÔ_¾cÌ¦Ë~¾ªÇ¾~ÁjÕ¿ÀÅÄG$
é 
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α ∈ BV (0, T )
sk/
β
(+*Ng+,u:*Nn.7 ,Êkeucgijs (;,Êk21&(iog+, 8+7), k21$# 7L
	¿l%*5<i;(+,H(SdT'*5<i(~iIH:<¿iokzuOi
vε
l 8 *5<i(~ln < *-,lk (ªl 8 	zgtl'mcnÅi+C  tdZWfiulkfl(iog01'i;(	¿l), kff*NL
34,@(~i*lQs8;<akeu:*-,lk
v0
3>5¿iok
ε
*iokff/ (*l  icgtl?I H2lgijl iogOT
v0
,H(-npi8 * ulZkB*-, kB< l)<2(OT
5<s (xs+g+,1 52*n ,C,-* i (iog+7 3>5¿iogjilk
]0, T ]
skff/ (cs%*-,@(*i+( 
v+0 (t)
,@( sZks%*0*Ngjs_u:*-,(i	<l%, kB*ff8~lgxsnÊn
t ∈ [0, T [,
v0(t)
,H(-s7mjs_u#3sZg /ßs *0*Ngts_uG*-,ffi(i	¿l), kff* 8~lgxsnÊn
t ∈ ]0, T ].
!°ÃÅÇÁÄ0Ñ<Â¾-¾~ÁjÄOÍ(×¿ÀÅÃpÁÆßÄjÆ¦¾É¼ÀÅÀp¼0ÂÃÅÌ¿Ô+ÃÅÌÄ¾cÇjÚ¾~½<ÃÓÍ(ÇjÈ7Ç¾~ÁjÕ¿ÀÅÄG$
  	     5¿iªs)( (~icg+*-,lkl 84V*gjl
	<l (+,*-,lk^ ,@( sn ,-/E34,-*5
α
s (+*i 	 8+<kzu:*-,NlZk
fffi   
	 	  	    ÞÄ¥ÃpÁIÁjÕ<Ð+ËcÃp¾cÌÄ°Ä¼4Î¿Ç¼0Ï_¾ÄjÆ¦¾Ç¾~ÁjÕ¿ÀÅÄIÂÃÅÄjÆª¼Ì¿ÀÅÈ-¼Ì¦¾Î ¼ÃÅÌ'Ä
¼(Ér½<ÃpÁË~¼ÌÄjÃÅÌ'Õ¿ÃÅÄÈ_ØÙhÆ¦¾xÎ¿Ç¼¼(ÉrË0Í(Ì× ¾ ¼×'ÏaÃp¼Õ¦ÁjÀÅÈ7¾oÜ<Ä¾cÌ¦½¿¾~½ßÄ¼+ÍSà¦Ì¿ÃÅÄ¾-Ì'Õ¿Úx× ¾cÇ¼(É
ÃÅÌÄ¾cÇjÏÍ(ÀpÁØ ¥¾cÄ:Õ¦ÁÄOÍ(Ö_¾%$
α(t) =
{
a0
ÃŁÉ
t ∈ [0, t0)
a1
ÃŁÉ
t ∈ (t0, T ].
ÙhÆ¦¾Î ¼ÃÅÌ'Ä
(α+(0), v0)
Ë0Í(Ì¿Ì¦¼Ä?×z¾QÍ(ÌKÕ¿Ì¦ÁjÄOÍ(×¿Àp¾Îz¼ÃÅÌÄ0ÑrÄjÆ'Õ¦Á?Þ
l(v
0)
Ë~¼ÌÄOÍ(ÃÅÌ¦ÁÍ
Õ¿Ì¿ÃpõÕ¦¾Í(ÄjÄjÇOÍËcÄjÃÅÏ_¾)Î ¼ÃÅÌ'Ä
v0
Ø  6ÁjÃÅÌ¿Ô ¥¾cÚ?Ú+Í ¦Ñ'É¼Ç*Í(ÀÅÀ
δ > 0
ÑaÄjÆ¦¾cÇ¾)¾oÜ<ÃpÁjÄÁ
ζ2 > 0
ÁÕ¦ËÆßÄjÆ¤Í(ÄÉ¼Ç)Í(ÀÅÀ
ζ1 ∈ ]0, ζ2]
ÄjÆ¦¾cÇ¾-¾oÜ<ÃpÁjÄÁ
ε0 > 0
ÂÃÅÄjÆ $
vε(t) ∈ [v0 − δ, v0 + δ], ∀ t ∈ [ζ1, ζ2],∀ ε ∈ ]0, ε0].
!¦Ç¼Ú Î¿Ç¼Îz¾cÇjÄ]È
1
¼(É rÇ¼Î ¼ZÁjÃÅÄjÃp¼Ì2ðªÄjÆ¦¾x½<ÃŁô ¾cÇ¾cÌ¦Ë~¾
|vε(t)− v0|
ÃpÁ:½¿¾~ËcÇ¾0ÍÁÃÅÌ¿Ô+¼Ì
[0, t0]
Ñ¿ÄjÆ'Õ¦Á#$
vε(t) ∈ [v0 − δ, v0 + δ], ∀ t ∈ [ζ1, t0],
Í(Ì¦½QÁ¼¿ÑÄjÆ¦¾Á¾~õÕ¦¾cÌ¦Ë~¾
vε
Õ¿Ì¿ÃŁÉ¼ÇjÚ?ÀÅÈ+Ë~¼Ì'Ï_¾cÇjÔ_¾~Á:Ä¼ªÄjÆ¦¾4ÏZÍ(ÀÅÕ¦¾
v0
¼Ì
[ζ1, a]
Ñ'É¼ÇÍ(ÀÅÀ
ζ1 ∈ ]0, t0[
Ø

ÌÄjÆ¦¾*ÃÅÌ'Ä¾cÇjÏZÍ(À
[t0, T ]
Â*¾Ë~¼Ì¦ÁjÃp½¿¾cÇrÄjÆ¦¾ÉN¼ÀÅÀp¼ÂÃÅÌ¿Ô
ë
Í(Õ¦ËÆÈªÎ¿Ç¼×¿Àp¾cÚ $


ε
d
dt
v˜ε(t) ∈ α(t) − β(v˜ε(t)),
Í<Ø ¾ZØ¼Ì
[t0, T ],
v˜ε(t0) = v0.

ÃÅÚ?ÃÅÀÓÍ(ÇjÀÅÈ_ÑzÄjÆ¦¾ªÁ¾~õ'Õ¦¾cÌ¦Ë~¾
v˜ε
Ë~¼Ì'Ï_¾cÇjÔ_¾~Á6Õ¿Ì¿ÃŁÉN¼ÇjÚ?ÀÅÈf¼Ìf¾cÏ_¾cÇjÈßÃÅÌÄ¾cÇjÏÍ(À
[t0 + ζ1, T ]
Ä¼SÍ-Ë~¼Ì¦ÁjÄOÍ(ÌÄÏZÍ(ÀÅÕ¦¾
v˜0
Ø"»2¼Ç¾~¼0Ï_¾cÇ0Ñ¿Í(Ä
t = t0
Ñ_ÄjÆ¦¾6Á¾~õ'Õ¦¾cÌ¦Ë~¾
vε
Ë~¼ÌÏ_¾cÇjÔ_¾~Á*Ä¼-ÄjÆ¦¾
ÏZÍ(ÀÅÕ¦¾
v0
ØrÙhÆ¦¾ Î¿Ç¼Î ¾cÇjÄÈ
1
¼(É Ç¼Îz¼ZÁjÃÅÄjÃp¼ÌðªÃÅÚ?Î¿ÀÅÃp¾~ÁG$
|v˜ε(t)− vε(t)| < |v0 − vε(t0)| ∀ t ∈ [t0, T ],
ÂÆ¿ÃpËOÆfiÚ¾0Í(Ì¦Á*ÄjÆ¤Í(Ä*ÄjÆ¦¾)Á¾~õÕ¦¾cÌ¦Ë~¾
vε
Õ¿Ì¿ÃŁÉ¼ÇjÚ?ÀÅÈË~¼Ì'Ï_¾cÇjÔ_¾~ÁhÄ¼xÄjÆ¦¾4Ë~¼Ì¦ÁjÄOÍ(ÌÄÏZÍ(ÀÅÕ¦¾
v˜0
¼Ì ÄjÆ¦¾ÂÆ¦¼Àp¾7ÃÅÌ'Ä¾cÇjÏZÍ(À
[t0 + ζ1, T ]
Ø ÙhÆ¦¾Í½¿½<ÃÅÄjÃp¼Ì¤Í(À6Î¿Ç¼Î ¾cÇjÄjÃp¾~Á+¼(É
v0
Í(Ç¾
¼×ÏÃp¼Õ¦ÁÀÅÈÏ_¾cÇjÃŁà¤¾~½3Ø
é<ê
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
ÃÅÌ¦Ë~¾ªÄjÆ¦¾ ÉNÕ¿Ì¦ËcÄjÃp¼Ì
α
Æ¤ÍÁ4×z¼Õ¿Ì¦½¿¾~½ÏÍ(ÇjÃÓÍ(ÄjÃp¼Ì¥ÑeÃÅÄ
Ë0Í(ÌS× ¾Õ¿Ì¿ÃŁÉ¼ÇjÚ?ÀÅÈSÍ(Î¿Î¿Ç¼0ÜaÃÅÚ+Í(Ä¾~½×ÈªÍ)ÁO¾~õ'Õ¦¾cÌ¦Ë~¾h¼(É¤ÁjÄ¾cÎSÉNÕ¿Ì¦ËcÄjÃp¼Ì¦Á
αi
Ø ¥¾cÄ
vεi
×z¾
ÄjÆ¦¾ªÁ¼ÀÅÕ¿ÄjÃp¼Ì¦Á6¼(ÉÎ¿Ç¼×¿Àp¾cÚfltê0ç hÉN¼Ç4ÄjÆ¦¾-Ç¾~ÁjÎ ¾~ËcÄjÃÅÏ_¾x½¦Í(ÄOÍ
αi
Í(Ì¦½
vε
ÄjÆ¦¾ªÁ¼ÀÅÕ¿ÄjÃp¼Ì
¼(ÉÎ¿Ç¼×¿Àp¾cÚ tê0ç 6É¼ÇxÄjÆ¦¾fi½¦Í(ÄOÍ
α
Ø  4ÁÃÅÌ¿Ô ¥¾cÚ?Ú+Í2ç<ÑIÄjÆ¦¾cÇ¾+¾oÜ<ÃpÁjÄ-ÉNÕ¿Ì¦ËcÄjÃp¼Ì¦Á
v0i
ÁÕ¦ËÆ ÄjÆ¤Í(Ä0ÑÉN¼Ç¾0ÍËOÆ
i
ÑÄjÆ¦¾ßÁ¾~õÕ¦¾cÌ¦Ë~¾
vεi
Ë~¼Ì'Ï_¾cÇjÔ_¾~ÁfiÎz¼ÃÅÌÄÂÃpÁ¾Ä¼
v0i
ÂÆ¦¾cÌ
ε
Ä¾cÌ¦½¿Á4Ä¼ ffi0¾cÇ¼¿Ñ¤ÂÃÅÄjÆ
α−i (t) ∈ β(v0i(t))
¼Ì
]0, T ]
Ø rÇ¼Îz¾cÇjÄ]È
2
¼(É Ç¼Îz¼ZÁjÃÅÄjÃp¼Ìffð
ÃÅÚ?Î¿ÀÅÃp¾~Á*ÄjÆ¤Í(Ä
vεi
Õ¿Ì¿ÃŁÉ¼ÇjÚ?ÀÅÈ+Ë~¼Ì'Ï_¾cÇjÔ_¾~Á)¼Ì
[0, T ]
Ä¼
vε
ÂÆ¦¾cÌ
i
Ä¾cÌ¦½¿ÁÄ¼
+∞
Í(Ì¦½
Õ¿Ì¿ÃŁÉ¼ÇjÚ?ÀÅÈQÃÅÌ
ε
ØÙhÆÕ¦Á0Ñ<É¼Ç
t ∈ ]0, T ]
Â*¾ Æ¤Í~Ï_¾%$
∀ δ > 0, ∃ N˜ > 0, ∃ ε(N˜ ) > 0 ; ε1, ε2 < ε(N˜) ⇒


|vε1N˜ (t)− vε2N˜ (t)| < δ/3,
|vε2N˜ (t)− vε2(t)| < δ/3,
|vε1N˜ (t)− vε1(t)| < δ/3,
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